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Peripheral lymphocytes are known to vary in number and percentage from birth until death. The first studies on the subject dealt with small sample sizes and a limited number of cell subsets were analysed (Yachie et al. 1981 , Yanase et al. 1986 , Wiener et al. 1990 , ErkellerYuksel et al. 1992 , Calado et al. 1999 . The development of new laboratory techniques, the discovery of different cell subsets and the use of various cell markers have led to a constant need to update previous reference values. Moreover, different variables have proved to interfere with normal ranges of all of these cell subsets.
Ethnic origin, genetics, gender and environmental factors have been shown to influence some immunologic indices, so that the development of reference values for populations of different backgrounds may be necessary to improve diagnosis and follow-up of individuals with chronic diseases and an altered immune system.
Previous studies have found that exclusively-breastfed infants had a higher thymic index than partially-breastfed or formula-fed infants as assessed by sonography (Hasselbalch et al. 1997) . Additionally, CD8 + T cell numbers were higher among exclusively-breastfed children, who also doi: 10.1590/0074-0276140182 Financial support: FAPESP (01/11011-6) Age strata were organised as follows: cord blood, one-91 days old (0-3 months), 92-182 days old (3-6 months), 183-364 days old (6-12 months), from the first birthday to the day before the second birthday (1-2 years), from the second birthday to the day before the sixth birthday (2-6 years), from the sixth birthday to the day before the 12th birthday (6-12 years), from the 12th birthday to the day before the 19th birthday (12-18 years) and from the 19th birthday to the day before the 49th birthday (19-48 years).
For each age strata, effort was made to have an equal distribution of male and female subjects.
Data regarding the period of exclusive and non-exclusive breastfeeding were also collected at study entry up to the 12-18 year age stratum.
Cord blood collection was performed in two neonatal units from hospitals associated with UNIFESP. Individuals from all other age strata were assessed at São Paulo Hospital and Centro Assistencial Cruz de Malta, in São Paulo. Four hundred and sixty-three subjects participated in the study, comprising a minimum of 50 individuals per age group.
Blood collection -Cord blood (10 mL) was collected from the umbilical vein. For all other age strata, a 5-mL blood sample of peripheral blood was collected. Samples were put into ethylenediamine tetraacetic acid-treated vacuum tubes for complete blood counts (CBC) and phenotypic analysis of peripheral blood mononuclear cell subsets using flow cytometry assays.
CBC -All samples were tested using ADVIA 120 automatic counter (Bayer HealthCare, Germany). When indicated, a slide smear was performed for manual count by a trained staff.
Flow cytometry analysis -Cord and peripheral blood mononuclear cells were assessed by flow cytometry (FACSCalibur, BD Biosciences, USA) within 18 h of blood collection and analysed using CellQuest software (BD Biosciences). Four-colour phenotypic characterisations were performed in fresh blood using a lyse-wash protocol. Appropriate isotype controls (IgG1-FITC, IgG1-PE, IgG1-APC, IgG2a-PE) (BD Biosciences) were used to evaluate non-specific staining. For each sample, multiparametric data were acquired for 10,000 events.
Cell numbers per cubic millilitre of blood were obtained using the lymphocyte counts from the CBC.
The following monoclonal antibody (MAb) (all from BD Biosciences) combinations were used: CD4 + T lymphocytes and differentiation subsets using CD45RA and CCR7. Using CD3-APC, CD4-PerCP, CD45RA-FITC and CCR7-PE, T cell subsets were defined as naïve, CD3 (Maecker et al. 2012) . Using CD3-APC, CD4-PerCP,  CD45RA-FITC and CD27-PE, T cell subsets were defined  as naïve, CD3  + CD4  + CD45RA  + CD27   +   , effector memory,  CD3  + CD4  + CD45RA  -CD27  + and CD3  + CD4  + CD45RA   -CD27  -, and effector, CD3  + CD4  + CD45RA  + CD27 - (Hamann et al. 1997) . CD8 + T lymphocytes were characterised in the same way for differentiation subsets by substituting CD4-PerCP MAb for CD8-PerCP MAb (Hamann et al. 1997 , Maecker et al. 2012 . . CD4 + T cells were identified from the gate of lymphocytes as CD3 + CD4 + (E) and then separated in differentiation subsets using CD45RA/CCR7 (F) or CD45RA/CD27 markers (G); CD38 and CD25 expression were evaluated on CD4 + T cells in H and I, respectively. CD8 + T cells were identified from the gate of lymphocytes as CD3 + CD8 + (J) and then separated in differentiation subsets using CD45RA/CCR7 (K) or CD45RA/CD27 markers (L); CD38 and CD56 expression were evaluated on CD8 + T cells in M and N, respectively. Isotypic controls were employed to set the gates in F-I, K-N plots.
CD4 + T lymphocytes and differentiation subsets using CD45RA and CD27 -

CD4
+ T lymphocyte activation -Using CD3-APC,  CD4-PerCP, CD38-FITC and CD25-PE, CD38 and  CD25 expression were evaluated as the percentage of  positive CD3  + CD4  + T cells Fig. 1 shows an illustrative example of flow cytometry plots used for data analysis.
Statistical analysis -Data were analysed using Minitab 15.1 (Minitab, USA) and Stata 7.0 (Stata, USA). Percentiles (10th, median and 90th) of end-point distributions are based on percentiles of observed data. Comparison with Pediatric AIDS Clinical Trials Group P1009 (PACTG P1009) data (Shearer et al. 2003) was performed by measuring the median 95% confidence intervals for each parameter within age strata from zero-three months up to 12-18 years and comparing them with median values from the corresponding data from Shearer et al. (2003) . The level of significance was set at p < 0.05.
RESULTS
Four hundred and sixty-three individuals participated in the study. The characteristics of study subjects are summarised in Table I . They reflect the Brazilian population, where the majority of children are exclusively breastfed during the first three or four months. After the introduction of formula or solid food, many are still partially breastfed during the second semester of life. Table II presents subset percentages of peripheral blood lymphocytes and Table III depicts cell subset counts of peripheral blood lymphocytes in different age strata from healthy Brazilian children, adolescents and adults.
During the first two years one observes an increase in absolute numbers of CD4 + T, CD8 + T and B lymphocytes, with a subsequent reduction in numbers from two years on for CD4 + T and CD8 + T and from six months on for B cells. NK cell numbers, in contrast, show a progressive decrease from birth and stabilise around the two-six year age strata.
With respect to T cell differentiation, there is a progressive decline in naïve T cells, but to a variable extent depending on the cell markers utilised (CD45RA/CCR7, CD45RA/CD27 or CD45RA). CD38 expression shows a faster decrease in CD8 + T cells than in CD4 + T cells. CD25 expression in CD4 + T cells increases only in percentage from the two-six year age strata on.
The CD56 + T cell subset percentage is stable up to the one-two year strata and increases from then on.
Results from the present study were compared with data from PACTG P1009 (Shearer et al. 2003) . Parameters compared were those that were tested by both studies within age strata from zero-three months to 12-18 years. They were: total lymphocyte, CD3 + T cell, CD4 + T cell, CD8 + T cell, B cell and NK cell counts (Fig. 2) , CD4 + T cells and CD8 + T cells were also compared by percentage and absolute values of naïve subsets (CD45RA + ) and percentage of CD38 + cells (Fig. 3 ). Brazilian CD4 + T cell numbers were lower than those from the PACTG P1009 (Shearer et al. 2003) up to adolescence. Naïve CD4 + and CD8 + T cell percentages were also lower in Brazilian children, but percentages were comparable to the American study in older children and adolescents. CD38 expression on CD4 + and CD8 + T cells, in contrast, showed an intense reduction among Brazilian children and adolescents with a progressive difference when compared to individuals from the PACTG P1009 (Shearer et al. 2003) .
DISCUSSION
We have assessed the distribution of lymphocyte subsets in healthy Brazilian neonates, infants, children, adolescents and adults. Individuals were not separated according to different race-ethnic groups due to the very mixed race characteristic of the Brazilian population. Demographic data showed a predominantly breastfed population with very rare (0-11%) exclusively formula-fed children.
Total lymphocyte, CD3 + T cell, CD8 + T cell, B cell and NK cell numbers showed similar values in age strata as depicted by Shearer et al. (2003) (Berrington et al. 2005) . Lugada et al. (2004) , studying a Ugandan population, found that the decline in CD4 + and CD8 + T cells extended throughout childhood and adolescence, which is different from other western studies (Shearer et al. 2003) .
Other studies performed in African countries have noted low CD4 + T cell numbers in comparison to western countries. That was the case for Sagnia et al. (2011) , who stratified children from birth to six years in a similar way as Shearer et al. (2003) and our group. CD4 + T cells/mm 3 were very close to our median results (cord, 1,552; 0-3 months, 2001 ; 3-6 months, 2,133; 6-12 months, 2,252; 1-2 years, 1,667; 2-6 years, 1,289). Another study performed in Malawi also showed low CD4 + T cell numbers among children compared to Shearer et al. (2003) , but similar CD4 + T cell numbers among adults (Mandala et al. 2010 + T cells were analysed in the same way, the percentage of naïve cells were similar from the two-six year range onwards and absolute values were similar to Shearer's from the six-12 year stratum onwards.
The activation marker available for comparison in the literature was mainly CD38. Our results showed a steady decline in positive cells from birth through adulthood, much in accordance with what was found by McCloskey et al. (1997) and much lower than those reported by Shearer et al. (2003) for both CD4 + and CD8 + T cells. In Thailand, researchers also observed different CD38 expression on CD8 + T cells when compared with Caucasians; Thai HIV-negative individuals had twice the CD38 expression of Caucasians (Sukwit et al. 2005) . Tiba et al. (2011) in Burkina Faso, Africa, noted different expression of CD38 on CD8 + T cells among healthy individuals. The authors hypothesised that environmental exposure may influence peripheral blood T cell activation. In their study, adults from a rural setting had higher expression of CD38 than those from an urban setting. In their opinion, both the expression of activation markers and the distribution pattern of T cell differentiation subsets may be a surrogate parameter for environmentally-driven immune senescence.
The peculiar CD38 expression in the Brazilian cohort was probably the most striking of our results, because lower levels persisted until adulthood in comparison with Shearer et al. (2003) . CD38 is a multifunctional ectoenzyme that uses nicotinamide adenine dinucleotide (NAD) as a substrate to generate second messengers. It was identified as one of the main cellular NADases in mammalian tissues and appears to regulate cellular levels of NAD in multiple tissues and cells. NAD participates in multiple physiological processes, such as insulin secretion, control of energy metabolism, neuronal and cardiac cell survival, airway constriction, asthma, aging and longevity (Chini 2009 ). CD38 is a powerful disease marker for human leukaemias and myelomas, is directly involved in the pathogenesis and outcome of chronic lymphocytic leukaemia (Malavasi et al. 2008) and is a marker of immune activation in HIV infection (Zaccarelli-Filho et al. 2007 ).
In line with the influence of dietary habits on the development of the immune system, formula-fed infants evaluated at the age of four months had higher absolute counts of CD4 + CD38 + T cells than breastfed infants (Pozo-Rubio et al. 2013) . The fact that lower CD4 + CD38 + T cell counts were found in breastfed children supports the enhancing effect of breastfeeding on lymphocyte maturation and may explain the low CD38 expression on T cells from Brazilian children.
The other possible concern refers to CD4 + T cell values: they were statistically lower than Shearer et al. 's (2003) up to the six-12 year age range. This finding may lead to a misclassification of Brazilian children as immunocompromised if the Centers for Disease Control and Prevention, Division of Pediatric Human Immunodeficiency Virus classification is used. Indeed, some individuals within the three-six months, six-12 months, one-two years and two-six years age ranges would be classified as "evidence of moderate suppression" (category 2) if we consider the 1994 revised classification system for HIV infection in children less than 13 years of age based on CD4 + T cell numbers (CDC 1994) . However, even Shearer et al.'s absolute values would have some children in the two-six year age range classified as "evidence of moderate suppression" (category 2) if the same Pediatric HIV classification from CDC (1994) was employed.
Interestingly, older age strata tend to vary less among different studies. These findings suggest that the immune system matures in different patterns in diverse populations, probably due to diverse genetic backgrounds, but also due to varied antigenic stimuli during infancy and childhood. This is especially relevant currently as the environmental influence is noted on the differentiation of the immune system (Sommer & Bäckhed 2013). Unfortunately, not all studies subdivide samples into similar age ranges, which makes comparisons between studies more difficult.
Moreover, cells are assessed in varied ways, for instance, with respect to differentiation, increasing the problem of comparison between studies. Standardising immunophenotyping is the first step to allow a comparison between results from different research groups (Maecker et al. 2012) . However, in an effort to better understand the immune system, one needs to establish what the limits between health and disease are in different settings and age strata.
In summary, our results are consistent with previous reports suggesting that various lymphocyte subsets show similarities across different populations, but different patterns of cell populations are also present. CD4 + T cell counts are probably the most frequently reported divergent parameter. 
